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The new information suggests that, in both studies, personnel were exposed to a mild to
moderate cold stress while in the MOPP-Control condition. This may account for a
significant portion of the decrements in performance noted. The results suggest
potentially serious operational problems for mental performance in MOPP-IV in mild to
moderately cold environments as well as in the heat.
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EXECUTIVE SUMMARY

Previous reponts from this Institute (T11-85 and T7-88) describe two studies in
which mental performance of males and females was found to be pocrer in heat
(32.8°C;61%rh) in MOPP-IV than in an optimal climate (21.1°C;35%rh) in Battle Drass
Uniform ("BCU-Control"). in both studies, an additional experimental condition
("MOPP-Control") measured the impact of MOPP-1V on performance axclusive of any
heat load it imposed on the wearer. This was accomplished by determining a
temperature for this condition (calculated as 12.8°C) which was the thermal comfcrt
equivalent of the optimal BDU-Control condition (21.1°C). Given thermal comfort
equality, performance differences between the two conditions presumably were
attributable only to non-thermal aspects of the protective clothing.

Large decrements in performance occurred in the MOPP-Control condition in both
studies. These were thought to be due to stress imposed by the "novelty-of-the-
situation." However, the threefold increase in errors on some tasks greatly exceeds
what is expected of experienced personnel in a novel situation. Our continued
concern with this matter has led to a complete review of both studies in search of
additional explanation.

As a result of the review, we report here the discovery of an error which appears to
explain the results discussed above and which also suggests the possibility of
operational problems with troops in MOPP-{V in climates not heretofore considered ‘o
affect mental performance.

The error was in using a metabolic rate for active rather than inactive personnal in
the formula for calculating thermal comfort equivalence between MOPP- and BDU-
Controls. This resuited in an inappropriately low ambient temperature for the MOPP-
Control condition. In addition, the somewhat lower metabolic rates characteristic of
women were not taken into consideration in the female study. Amended caicuiations
indicate that instead of 12.8°C, ambient temperatures ot 16.3°C and 19.2°C, for males
and females, respectively, are the appropriate MOFPP-Control equivalents of the BDU-
Control condition. In both studies, then, personnel in the MOPP-Control condition
wera exposed to a mild-to-moderate coid stress and their performance probably was
related to that fact.




Scientific explanatioris of how cold affects mental performance are lacking. Qur
expseriance with the tasks suggests that the decrements are not due to dirsct physical
affects of cold, e.g., cold hands limiting manipulation ot tools. Research is planned to
explore the problem further. Meanwhile, commanders should be aleried to ths
possible impact of hot and cold environments on menial performance cf troops in
MOPP-IV. Particular care should be taken to insure that communications to or from
personnel in MOPP-IV are verified for accuracy and completensess. This is particularly
important when personnel are in situations requiring intense, sustainad concentration
wherein we have noted mental lapses and substantial increases in errors of omission.




INTRODUCTION

In this raport, new information is presented which modifies interpretations of some
cf the research resuilts previously published in iwo technical reports {(T11-8% and T7-
88) from this Institute. Both reporis dealt with the topic of mental peiiormance in hot
anvironments in chemical protective clothing.

A synopsis of the two reports is presented, followed by an addendum des~ribing
the new information and recommendaticns for its implementation.

SYNOPSIS OF TECHMICAL REPORTS T11-85 AND T7-88

In two studies using identical designs, procedures and tasks, the mantal
performance of both maie (Fine & Kobrick, 1285; T11-85) ) and female {Fine, 1987,
T7-88) soldiers, clad in chemical protactive clothing (MOPP-IV), was found to be
significantly poorer in a hot environment (32.8°C; 61%rh; "MOPP-Haai-Stress”
condition) than in a comfortable ernvironment (21.1°C;35%rh) while ciad in the Battle
Dress Uniform (BDU; "BDU-Control" condition).

Maies, as a group, began tu show impairment after approximately 4-5 hours of
exposuro to neat, wheroas females, as a group, showed impairment within 3-4 hours.
Of greater imponance. only 7 of 17 temales, compared to 18 of 20 males, were able
to endure the entire 7-hour heat exposure.

A third condition, refaried to as "MOPP-Contrel," was included in each study to
assess possible effects of tho proteciive clothing itself on performance, that is, apar
from any heat load it might impose on the wearer. To accomplish this, the appropriate
ambient tempsrature tor the MOPP-Control condition for comfort equivalence betweaen
it and the BCU-Control condition was calculated using the method of Breckenridge &
Goldman (1977). An ambient temperature of 12.8°C was determined to be equivalent
in supjectiva corntort when in MOFP-IV to an ambient tempsrature of 21.1°C whe;: in
BDU. This equivalence of subjective comfont presumably enables one to Attribute any




diifferences in performance founa between the two conditions to aspects of the
protective clothing other than insulation.

In both the male and female studies, the MOPP-Control condition, when compared
with the BDU-Control concition, was found to have significantly larger adverse effacts
on parformance than expected. Substantial impairment occurred for both gerdsrs
within the first hour at 12.8°C, and was significantly greatar for females. The
performance of the maie group improved substantially over the 7-hour exposure whiie
that of the female group did not.

In the study of males (Fine & Kobrick, 1985), four explanations were considerad
for the performance decrements in the MOPP-Control condition: (a) discomfort or
anxiety associated with being encapsulated in the protective ensembis, (b) limitations
in maneuverability, perception and/or dexterity imposed by the suit, gloves or mask,
(c) siress associated with being in a novel situation, in MOPP-1V, faced with a
gruelling 7-hour exposure, and (d) random occurrenca.

Because all panticiparts had undergone a substantial amount of trairng on the
tasks while wearing BDU as weli as when in MOPP-IV, it was possible to comipare
performances in the two conditions, both by observation and with practice scores.
Since no evidence of anxiely about encapsulation in MOPP-IV was noticed and we
found no instarces of the MOPP ensemble interfering with performance, allernatives
(a) and (b) were discounted as plausible explanations.

Later, the results from the MOPP-Control condition of the female study (Fine,
1987) were found to corroborate these of the male study. This reduced the likelihood
ot random occurrence as a feasible explanation for the decrements in pertormance
and "novelty-of-the-situation” remained &s the reasonable alternative.

ADDENDUM TO TECHNICAL REPORTS T11-85 AND 17-88

The magnituds of the decraments in performance found in the MOPP-Control
condjtion of both studies has been a source of continuing concern. For the femals
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group, in particular, the threefold increase in errors that occurred with the Codebook
and Codewhee! tasks over the entire 7-hour exposure is much greater than one would
expect to be due to the novelty-of-the-situation.

In search of additional explanations for the decrements in performance, all aspects
of both studies have been reviewed. Whilg all computations of data were found to be
correct, an error in the formulation of the appropriate temperature for the MOPP-
Control condition has been discovered. The discovery at once helps to explain the
performance decrements in that condition and suggests the possibility of operational
problems with MOPP-IV in climates not heretofore regarded as particularly stressful for
performance of mentai tasks.

The error occurred in determining comfort equivalence betwean the BOU- and
MOPP-Control conditions. In both studies, equivalence had been computed using the
metabolic rate for physically active men (150 watts). Because the trcops in both
studies performed primarily sedentary tasks, a metabolic rate for physically inactive
persons should have been used. Thus, the two conditions, in fact, were not
equivalent in subjective comiort as had been supposed. In addition, in the female
study, the somewhat lower metabolic rates characteristic of wormen should have been
taken into account.

Revised calculations (Gonzalez, 1990), which assume metabuiic rates of 100 watts
for men and 85 watts for women, estimate ambient temperatures of 16.3°C and
19.2°C, for males and females respectively, as the appropriate MOPP-Control
subjective coi:fort matches for the BDU-Control condition (21.1°C), rather than the
ambient temperature which was actualiy used (12.8°C). (It shculd be noted that these
are estimated group average metaboiic rates and that the rates of individua
participanis may have deviated from them.)

In both studies, then, panicipants, while ir the MOPP-Control condition, appear to
have besn exposed to a mild-to-moderate cold stress. The male group performed in
an ambient temperature approximately 3.5°C below its revised subjective comfort level
(16.3°C) and the female group at an ambient temperature about 6.4°C beslow its
revised leve! (19.2°C). This factor appears to be a reasonable explanation of the
decrements in performance, particularly since it can account for the comparably poorer
performance of the women, their having been exposed 10 a subjectively colder



anvironment. Since there was ne true MOPP-Control condition, dus to the error
discussed above, whether cold exposure replaces or only augments noveity-of-the-
situation or encapsulation as an explanation for the poor performarice remains to be
detormined.

Specific mechanisms by which the coid stress could have operated to cause
decrements in performance are not clear. We have already indicated that the types of
errors that occurred were errors of omission, e.g., missing incoming messages, rather
than errrors of commission, which would have been expected if the cold had interfered
with manual dexterity, for example. While it is possible that discomfort associated with
feeiing cold could have interfered with attentional processes, leading to decreased
attontion and errors of omission, it is notable that only a few males and no females
complained about feeling cold or uncomfortable during the exposurs.

There is little additional explanatory help to be .1ad from the very sparse literature
on the effects of cold on cognitive performance. To clarify the results, further research
using the same performance scenanos in conjunction with non-intrusive physiological
measures is needed and is being planned.

RECOMMENDATIONS

Pending the acquisition of further information on the subject, commanders should
be aware of possible decrements in mental performance in troops in MOPP-1V who
are exposed to either hot or mildly-to-modsrately coid environments. Precautions
should be taken to insure that communications to or from parsonnel in MOPP-IV are
repeated one or more times or are otherwise emphasized, particularly when parsonnsl
are in situations requiring intense concentration, such as monitoring radio messages,
video displays, etc. We have noted mental lapses and substantial increases in errors
of omission in such circumstancss.

It would be extremely helpful it paersonnel who monitor troops performing mental
tasks in MOPP-IV would communicate their observations of such activities, to include
instances of successful and/or failed performance, as fully documented as possible, to
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the author. Piease specify the environmental and other conditions in which the work
was performed. All comments and sugges’ions ara valued. Send to:

Commander

US Army Fiesearch institute of Environmental Medicira
ATTN:SGRD-UE-HP/Dr. Fine

Natick, MA 01760-5007
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